Physeal distraction is an alternative to more conventional treatments for the correction of angular deformities of the long bones. Twenty deformities of the femur and tibia, nine of which also involved associated shortening, were partially or completely corrected. In eight cases, there was physeal
bony bridge. Complete correction of the angular deformity was achieved in 17 patients, and in seven patients, more than 80% correction was achieved. There were complications in four patients that hindered complete correction of the deformity, or shortening, or both. The external control of the correction until consolidation occurs is progressive and fairly noninvasive. The method allows external control of the correction until consolidation; it acts at the site of the deformity itself and permits lengthening and angular correction during therapy. In deformities with a physeal bony bridge, correction can be achieved with physeal distraction alone, prior resection of the bridge is not unnecessary. The technique is indicated in cases of angular deformities in patients nearing skeletal maturity and particularly in subjects in whom there is associated shortening.
Physeal distraction is a technique for progressively lengthening bone, but is applicable only in patients who have not reached maturity. It is based on use of the growth plate (physis) as the "locus minoris resistentiae" of the bone, through which-by distraction of both sides-separation of the metaphysis and epiphysis is achieved and, hence, lengthening of the bone. It is therefore a technique that does not require osteotomy or osteoclasia-"bloodless" lengthening-unlike other techniques that do require such procedures. ' The first experiments based on these ideas were performed in animals by Ring" in 1958 , and the first clinical applications of the technique were published in Russia by Zavijalov and Plaskin in 196721 and 1968,22 and Ilizarov and Soybelman in 1969,9 with promising results. In Western Europe, it was Monticelli and Spinelli12 who began applying physeal distraction in clinical practice.
The technique, originally conceived for the purpose of simple lengthening of the bones, is also applied currently for correcting angular deformities in skeletally immature long The goal of the present work is to offer a review of the clinical experience with physeal distraction for the treatment of angular deformities of the long bones during the period from 1982 to 1989 and to offer what is believed to be some useful conclusions for future application.
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MATERIALS AND METHODS At the authors' institution from 1982 until 1989, physeal distraction had been applied on 65 occasions. In 45 of these cases, the objective was to perform a simple lengthening; in the other 20, the method was essentially used to correct angular deformities of the ends of long bones.
The latter group comprised 17 patients (in three there were double affectations), 1 1 boys and six girls, with ages ranging from 1 1 to 14.5 years at the beginning of corrective treatment. Follow-up periods ranged from a minimum of 1 1 months in the postoperative period to a maximum of 54 months. In the last roentgenographic controls performed, ten of the 17 patients studied had reached skeletal maturity.
In 12 of the 20 deformities, the growth plate at the level of the deformity did not show radiologic signs of premature closure, whereas in the remaining eight, the radiologic images disclosed a bony bridge across the pliysis.
Of the 12 angular deformities with no bony bridge (ten patients), the location was at the distal end of the femur in seven (six valgus and one varus), on the proximal end of the tibia in two (two varus), and on the distal end of the tibia in three (two valgus, two varus). The etiology of the deformities were as follows: congenital in three femur valgus and one distal tibia varus; posttraumatic in one femur valgus and one distal tibia varus; a burn in one femur valgus; idiopathic in one bilateral femur valgus and one bilateral proximal tibia varus; and the sequela of an already-consolidated congenital tibia pseudoarthrosis in one distal tibia valgus. Apart from the angular deformity, in this group there was a significant degree of associated shortening (more than 1.5 cm) in six of the 12 deformities.
Of the eight angular deformities with bony bridge (seven patients), the location was on the distal end of the femur in three patients (two valgus and one varus), on the proximal tibia in three patients (three vanis), and on the distal tibia in two patients (one valgus, one varus). In one patient of this group, the affectation was bifocal on the distal femur and the proximal tibia. The etiology of the deformity was posttraumatic in one femur varus, one proximal tibia varus, and one distal tibia valgus; after an episode of meningitis caused by Menzngococcus in one femur valgus, two proximal tibia varus, and one distal tibia varus; and after an episode of arthritis in the knee due to Staphylococcus in one femur valgus. In three of the eight deformities, the shortening of the angular deformity was more than 1.5 cm.
CORRECTIVE TREATMENT
In all patients, corrective treatment of the deformities was performed by physeal distraction with external monolateral fixer-distractors. Specifically, the equipment used was the ball-joint model of the Dynamic Axial External Fixation (Orthofix, Verona, Italy)6 in eight patients and a modified Wagner apparatus (Houmedica, Geneva, Switzerland) in the remaining. The modification of the Wagner apparatus for physeal distraction consisted of substituting one of the conventional screw-holders by a "T"-shaped piece that allowed insertion of the screws (epiphyseal and diaphyseal) on perpendicular planes (Fig. 1) .
The surgical procedure was the same in all cases and consisted of the emplacement of the distractor apparatus with two or three screws inserted into the diaphysis perpendicular to its longitudinal axis and two, or possibly three, screws inserted into the epiphysis parallel to the articular surface of the corresponding bone. Attempts were also made to achieve a maximum parallelism of the longitudinal axis of the body of the apparatus with respect to the axis of the bone shaft. Where there was a physeal bony bridge, this was not resected in any patient. Distraction was routinely begun at 24 hours after the operation. Two different strategies were employed in the corrective process. In the first (Strategy I), used in seven deformities, asymmetric distraction of the physis was begun from the very start of treatment in such a way that a progressive correction of the angular deformity was achieved. In both pieces of apparatus, this was attained by a simple free-moving hinge system on the end of the apparatus most proximal to the deformity, causing the longitudinal distraction applied to the apparatus to become converted into angular movement of the epiphyseal screws, thus achieving a progressive correction of the deformity. The rate of distraction applied to the appara-
FIG. I. Modified Wagner apparatus.
Clinical Orthopaedics and Related Research tus during this process of progressive angular correction was 1.5 (2 X 0.75) mm/day. Once this had been performed, in the patients in which there was associated shortening, the movement of the hinge was blocked and symmetric physeal distraction continued at a rate of 1 (2 X 0.5) mm/day until the dismetria had been corrected (Fig. 2) .
The second method (Strategy II), used in the remaining 13 deformities, consisted of an initial longitudinal distraction, with blocking of angular movement, until a sufficient degree of lengthening had been obtained to permit angular correction in a single step. Immediately thereafter, the angular movements of the apparatus were blocked and if there was associated shortening, symmetric distraction was initiated until, at least ideally, the dismetria had been corrected. In this second method, the rate of distraction applied to the apparatus was always 1 (2 X 0.5) mrn/day ( Fig. 3) .
In all the tibial angular deformities accompanied by shortening and in one case of isolated tibial deformity, osteotomy of the fibula was performed in association with the distraction. In all these cases, distal tibial-fibular stabilization was performed either with emplacement of a conven- on the surgically treated limb by the patients; however, they were not required to load more than was comfortable for them.
In all patients, the clinical and radiologic evolution of the patients were evaluated at weekly intervals during the first months and, thereafter, every two weeks in the later phases of treatment.
Throughout the time during which the apparatus was in place, the patient was encouraged to actively move his or her joints adjacent to the lengthened segment as much as possible. After removing the apparatus, when necessary, a specialized physiotherapy program was initiated.
Except in the patients in which it was imperative to discontinue treatment with the apparatus for one reason or another, its removal was empirically based on the follow-up roentgenographs.
RESULTS
Initially, correction of the angular deformity was possible in the patients studied with one exception irrespective of the presence or not of a physeal bony bridge at the level of the . On another two occasions, there was a partial loss of the correction achieved after removing the apparatus; this was compensated by the application of plaster casts until definitive consolidation. The remaining corrections persisted satisfactorily after removal of the apparatus. Neither were any recurrences in the corrected deformities observed once the zone of distraction had consolidated. Grading of the corrected deformities ranged between a maximum of 32" in one case of proximal tibia varus with a physeal bony bridge in a patient who had suffered from sepsis caused by Meningococcus in infancy, to a minimum of 16" in a distal femur varus (10" excess) of congenital etiology.
Regarding the extent of premature partial physeal closure in the eight deformities in which this occurred, in no case did this exceed more than 50% of the whole of the affected physis. In all the cases with shortening associated with the deformity, apart from correcting the angular deformity, attempts were also made to correct the dismetria, at least partially. The maximum lengthening achieved in this group of patients (nine) was 9 cm in a congenital femoral shortening of 18 cm with distal valgus. The minimum lengthening achieved was 2.5 cm in a case of femoral shortening with associated distal valgus. Of the nine shortenings, complete correction of the dismetria was obtained in five, the correction was almost complete in two, and there was no correction in two. In two patients, lengthening had to be interrupted prematurely because of a complication, not reaching the above-mentioned 80%.
Consolidation periods varied considerably and were directly related to the degree of an-gular correction and lengthening required. Specifically, the maximum was 9.2 months in the case of the above maximum lengthening, and the minimum was 2.5 months in a case of a 16" bilateral proximal tibia varus of idiopathic origin. In all cases, consolidation in the distraction zone was achieved without the need for support in the form of bone graft or internal implants for internal fixation. With the exception of two cases on the distal end of the femur, two in the proximal tibia, and one in the distal tibia, it was not necessary to apply plaster bandages to protect the bone after removing the apparatus in the rest of the deformities.
Regardless of the existence of physeal bony bridges, the patients did not complain of increased pain at the level of the distraction zone from two to three days after starting treatment.
A distinction can be made between those patients in the series with major complications and those with minor complications. Among the former, there was a case in which a dysfunction of the distractor apparatus occurred, which did not allow the authors to continue lengthening once the angular correction had been completed. There was one case of severe infection in the trajectory of the screws-thus making premature removal of the apparatus necessary-and two cases of partial loss of angular correction after removing the apparatus owing to insufficient consolidation of the distraction zone. These accounted for 20% of the major complications with respect to the total 20 deformities treated.
Among the minor complications, there were transient or unimportant pin-tract infections (14% of the total of screws), which did not prevent treatment from being completed, and the transient joint stiffness observed on removing the distraction. The mentioned stiffness was particularly important in the knee after distal femoral distraction, but consistently disappeared after a few weeks, falling to normal ranges simply with physiotherapy.
Finally, after the corrective treatment, in all patients premature complete closure of the operated physis was observed with respect to the contralateral member. This did not lead to any significant loss either in correction or in lengthening in any of the cases.
More details on the patients, methods, and results are given in Table 1 .
DISCUSSION
The treatments most frequently recommended for correction of angular deformities of the long bones of the skeleton are corrective osteotomies, 19,20 partial physeal blockade by epiphysi~desis,'~ or epiphyseal stapling. 2 Single-step correction by osteotomy has the following drawbacks: it is difficult to perform, especially in important deformities; there is a frequent need for internal fixation, which involves a later surgical intervention for removal; and it is impossible to modify the correction achieved in the postoperative period. Additionally, if the osteotomy is the "closure" type, with resection of the bone wedge, a shortening of the corrected bone occurs. If, by contrast, it is the "opening" type, the risk of lesions by traction of the noble soft tissue increases and frequently it becomes necessary to graft bone to stabilize and facilitate consolidation at the level of the correction made.
Regarding partial blockades of the growth plate, the main limitations to this are the patient's age when applying them (maximum, 10-1 1 years); their low predictability, which has recently improved with the tables of Bowen et ~1 . ;~ and the fact that shortening of the bone may occur. Also, when there is a physeal bony bridge, the maximum benefit that can be derived from blockade of the growth plate is the halting of the progression of the deformity but not the correction. Specifically, in the case of this type of deformity with physeal bony bridges, Langenskiold'OJL proposed a treatment by resection of the bridge and the intercalation of different kinds of materials, in particular autogeneic fatty t i~s u e . '~. '~ This method, which has been effective in many cases, is also limited by the age of the patieni. (10-1 1 years) and its difficult predictability.
The main advantages of physeal distraction applied to angular deformities in growing patients are essentially that one is dealing with a progressive method of correction. This means that correction and consolidation are facilitated without the need for bone grafting nor internal fixation and that the risks of sharp distractions, decrease. Additionally, the method is fairly noninvasive; it permits external control of the correction until consolidation, it acts exactly at the site of the deformity, and-perhaps more importantly-it permits the orthopedist to perform lengthenings at the same time as the angular correction during the same period of therapy. In deformities with physeal bony bridges, an-other advantage of physeal distraction is that, if the bridge is not massive (50% approximately), no surgical procedure is required to resect it, because, with simple distraction, it can be broken up. This is also the opinion of Although some authors advocate other surgical interventions before physeal distraction, such as resection of the bridge accompanied by intercalation of autogeneic fatty tissue* or osteotomy of the bridge,13 in the authors' experience, these were not necessary.
The main disadvantages of the method proposed are those of fixation-distraction, in general, and physeal distraction in particular. Among the latter, of special interest are possible lesions to the growth plate and also rigidity and articular infections.
With respect to physeal viability after distraction in the cases currently discussed, evolution was very different, although in an experimental study with young sheep camed Clinical Orthopaedics and Related Research out at the authors' in~titution,~ a highly satisfactory evolution in normal physes subjected to slow distraction (0.5 mm/day) was observed. Premature closing in the growth plates in 20 deformities may have been caused by a previous lesion in the distracted physis and the 0.5 mm/day or greater distraction rate. This, together with the fact that in another experimental study' a constant recurrence of the bony bridge and deformity was observed when the method was applied to previously deformed femurs of skeletally immature sheep, means that the recommendation of physeal distraction in angular deformities -especially if there is a physeal bony bridge -should be limited to the period in which the skeletal age of the patients is as close as possible to maturity (ten to 11 years minimum).
The joint stiffness after treatment consistently disappeared when physiotherapy was started after removing the apparatus.
Although in this series of patients no case of septic arthritis was observed, there is a fairly high risk of this occumng, especially in cases of physeal distraction of the distal femur, such that extreme precautions should be taken.
Infections of the bone in the trajectories of the screws, a common problem in all types of external fixation-distraction, may become so important or aggressive, or both, that it may become necessary to interrupt treatment, although this does not happen often. Furthermore, it should be noted that it is even less common to find osteomyelitis caused by infection of the trajectories of the screws. At the authors' institution, including all the cases of external fixation-distraction, all infections disappeared after removing the screw corresponding to the infected trajectory, however serious they were.
Another drawback of the proposed treatment is that the patient is obliged to wear the apparatus for several months with the discomfort evidently inherent to this, especially if the apparatus is circular.
Concerning the actual corrective strategy to be used, the authors are not inclined to either, as the results with both were similar. However, it should be pointed out that with a well-placed monolateral fixer, Strategy I is only valid in cases of femoral valgus and tibial varus. By contrast, Strategy I1 can be applied for varus and valgus, regardless of whether these occur in the tibia or in the femur. Another difference between the two strategies is that with Strategy I, mounting stability is better because the fragments of bone remain in contact during the angular correction, whereas in Strategy 11, this is not the case. Accordingly, Strategy I is used in cases of femoral valgus, or tibia1 varus, or both, with or without associated shortening and Strategy I1 is used in the remaining cases. For the distraction phase in Strategy I, a lengthening rate was applied in the body of the apparatus of 1.5 mm/day in two increases of 0.75 mm each. This was because in the hypothetical situation of a distance of 15 cm between the centers of rotation of the epiphysis and the screw-holder clamp and an epiphyseal width of 8 cm, 1.5-cm lengthening of the body of the apparatus produced an angular correction of 0.6% and a lengthening of the epiphyseal aspect closest to the fixator of approximately 0.8 mm. When distraction is performed symmetrically, a rate of 1 mm/ day is applied over two increments because this is the customary protocol in all types of bone lengthening.
In physeal distraction, particularly when this is performed with an elastic circular apparatus, the patient normally feels an intense pain in the area of distraction from two to three days after initiating treatment.12 In patients in this series, this was not observed, perhaps due to the fact that because they were using distractors that were more rigid, the physeal fracture occurred in a more controlled and less brusque fashion, better tolerated by the patient.
In general, the results have been satisfactory, with the exception of the four cases in which there were major complications. However three of them could have been avoided. The two partial losses of angular correction were caused by premature removal of the apparatus, and a dysfunction in the distractor in the third patient could easily have been compensated had there been another available to replace it. In the fourth patient, the severe complication (infection) was unavoidable because there is never any way of absolutely preventing such situations.
